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(54) CONTROL ARCHITECTURE FOR A VEHICLE

(67)  The present invention relates to control archi-
tecture (10) for a vehicle. It is described to communica-
tively connect (110) each of a plurality of controllers (1,
2) to all of a plurality of commanded components (7, 8).
Each of the plurality of controllers is configured to send
commands to be executed by one or more of the plurality

of commanded components. It is further described to de-
termine (120) by each of the plurality of commanded com-
ponents that one of the plurality of controllers is a master
controller on the basis of at least one signal transmitted
from at least one of the plurality of controllers to the plu-
rality of commanded components.
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a control archi-
tecture for a vehicle, and a control method for a control
architecture of a vehicle.

BACKGROUND OF THE INVENTION

[0002] Redundant control architecture is a common
solution for safety relevant application to reduce failure
rates and thus improving safety level. Due to the spread
of AD (Automated Driving) applications, redundant con-
trol architecture is widely used for different functions (e.g.
environment sensing, perception, behaviour planning,
track planning, control of actuators, etc.) to achieve tar-
geted safety level. However, in the application of redun-
dant control architecture the determination and signali-
zation of master-slave role of controllers arises.

[0003] US9195232 describes methods and systems
for compensating for common failures in fail operational
systems. An example system may include a primary con-
troller configured to perform functions of a vehicle such
as propulsion braking and steering and a secondary con-
troller configured in a redundant configuration with the
primary controller. The controllers may perform cross-
checks of each other and may each perform internal self-
checks as well. Additionally the system may include a
control module configured to transfer control of the vehi-
cle between the controllers based on detecting a fault.
The control module may detect a common fault of the
controllers that causes the control module to output a
common fault signal. In response the system may trans-
fer of control to a safety controller configured to perform
the vehicle functions until the system may transfer control
back to the primary controller.

[0004] US20160009257 describes that a system in-
cludes an autonomous sub-system that includes first and
second braking modules. Each of the modules includes
a processor and a memory the memory storing instruc-
tions executable by the processor for detecting a fault.
The system further includes a brake sub-system pro-
grammed to actuate a brake mechanism in response to
a signal from the second braking module. The autono-
mous sub-system is further programmed to select one
of the braking modules to provide a signal to the brake
mechanism depending on whether a fault is detected.
[0005] However, there is a need to provide a means
to identify a master-slave relationship role of controllers
for commanded components.

SUMMARY OF THE INVENTION

[0006] Therefore, it would be advantageous to have
an improved technology to identify a master-slave rela-
tionship role of controllers for commanded components.
[0007] The object of the present invention is solved
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with the subject matter of the independent claims, where-
in further embodiments are incorporated in the depend-
ent claims. It should be noted that the following described
aspects of the invention apply also for the control archi-
tecture for a vehicle and the control method for a control
architecture of a vehicle.

[0008] In a first aspect, there is provided a control ar-
chitecture for a vehicle, the control architecture compris-

ing:

- a plurality of controllers; and
- a plurality of commanded components.

[0009] Each of the plurality of controllers is communi-
catively connected to all of the plurality of commanded
components. Each of the plurality of controllers is con-
figured to send commands to be executed by one or more
of the plurality of commanded components. Each of the
plurality of commanded components is configured to de-
termine that one of the plurality of controllers is a master
controller on the basis of at least one signal transmitted
from at least one of the plurality of controllers to the plu-
rality of commanded components.

[0010] In this way, a mechanism is provided to identify
master-slave roles of controllers for commanded com-
ponents, within a redundant control architecture, through
signalling of appropriate transmitted information, such as
wake up timing information.

[0011] Thus, even if only one controlleris able to trans-
mit it can be determined to be the master controller.
[0012] Inthis manner, master-slave role of the control-
lers can be signalized for the commanded components
by a dedicated wake up line information from each con-
troller.

[0013] Inanexample,the atleastone signal comprises
a trigger signal.
[0014] Inanexample,the atleastone signal comprises

a wake up signal.

[0015] Thus, upon system start-up the master-slave
roles of controllers can be determined.

[0016] Inanexample,the atleastone signal comprises
at least two signals transmitted from at least two control-
lers of the plurality of controllers. The controller of the at
least two controllers from which a signal is received first
is determined as the master controller.

[0017] In this way, a simple manner is provided by
which commanded components can determine which
controller is the master controller, on the basis of a signal
being received from this controller before signals being
received (which may not need to be received) from other
controllers. This also provides a simple manner in which
a controller of the plurality of controllers can be selected
to be the master controller, in that this controller will send
its signal first.

[0018] Thus, the master-slave role of the controllers
can be signalized on wake up lines by a trigger event at
start up in such a way that the controller by which the
trigger eventis sentthefirsttime is determined as master.
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[0019] Inanexample, the atleast one signal comprises
a signal transmitted from a controller other than a previ-
ously determined master controller.

[0020] In other words, the master-slave role can be
changed during the operation through is signalling by a
new trigger event on the wake up line from the slave
controller, that then becomes the master controller.
[0021] Inanexample, the atleastone signal comprises
a signal transmitter from a previously determined con-
troller.

[0022] In other words, the master-slave role change
during the operation can be overridden by the so far de-
termined master controller issuing a new trigger event
on the wake up line.

[0023] In an example, the plurality of controllers are
communicatively connected together, and wherein a
controller of the plurality of controllers is selected as the
master controller.

[0024] In an example, the controller selected as the
master controller is configured to transmit a signal to the
plurality of commanded components before the other
controllers of the plurality of controllers transmit signals
to the plurality of commanded components.

[0025] This provides a simple manner in which a con-
troller of the plurality of controllers can be selected to be
the master controller, in that this controller will send its
signal first. However, because the other controllers also
send their signals, if for some reason a controller selected
to be master controller has a fault or there is a fault on
the connection between it and the commanded compo-
nents, another controller will be automatically determined
by the commanded components as the master controller.
This is because those commanded components will first
receive a message from this controller that is then deter-
mined to be the master controller thereby providing for
effective redundancy.

[0026] In a second aspect, there is provided a control
method for a control architecture of a vehicle, the method
comprising:

a) communicatively connecting each of a plurality of
controllers to all of a plurality of commanded com-
ponents, wherein, each of the plurality of controllers
is configured to send commands to be executed by
one or more of the plurality of commanded compo-
nents;

b) determining by each of the plurality of commanded
components that one of the plurality of controllers is
a master controller on the basis of at least one signal
transmitted from at least one of the plurality of con-
trollers to the plurality of commanded components.

[0027] In this manner, a method is provided to deter-
mine the master-slave role of controllers for lower level
commanded components (even if they are identical in
HW and SW). The method is based on the each controller
having a communication line to each of the commanded
components, that can be a dedicated wake-up line to-
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wards the commanded components, and the master-
slave role can be determined according to the wake-up
time sequence of controllers.

[0028] In an example, step b) comprises transmitting
at least two signals transmitted from at least two control-
lers of the plurality of controllers, and determining the
controller of the at least two controllers from which a sig-
nal is received first as the master controller.

[0029] The above aspects and examples will become
apparent from and be elucidated with reference to the
embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Exemplary embodiments will be described in
the following with reference to the following drawings:

Fig. 1 shows a schematic representation of an ex-
ample of a control architecture for a vehicle; and
Fig. 2 shows a control method for a control architec-
ture of a vehicle.

DETAILED DESCRIPTION OF EMBODIMENTS

[0031] Fig. 1 shows an example of a control architec-
ture 10 for a vehicle. The control architecture 10 com-
prises a plurality of controllers 1, 2, and a plurality of
commanded components 7, 8. Each of the plurality of
controllers is communicatively connected 3, 4, 5, 6 to all
of the plurality of commanded components. This can be
via wired or wireless communication. Each of the plurality
of controllers is configured to send commands to be ex-
ecuted by one or more of the plurality of commanded
components. Each of the plurality of commanded com-
ponents is configured to determine that one of the plu-
rality of controllers is a master controller on the basis of
at least one signal transmitted from at least one of the
plurality of controllers to the plurality of commanded com-
ponents.

[0032] In an example, each controller is communica-
tively connected to each commanded component
through a dedicated wake-up line.

[0033] In an example, each controller is communica-
tively connected to each commanded component
through a communication line.

[0034] Inanexample,the plurality of commanded com-
ponents are configured to execute commands sent to
them by the determined master controller.

[0035] Accordingtoanexample,the atleastone signal
comprises a trigger signal.

[0036] Accordingtoanexample,the atleastone signal
comprises a wake up signal.

[0037] In an example, a signal transmitted can be a
trigger signal thatis a combination of a wake up line state
change transmitted over a wake-up line and additional
information sent over a corresponding communication
line.

[0038] Accordingtoanexample,the atleastone signal
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comprises at least two signals transmitted from at least
two controllers of the plurality of controllers. The control-
ler of the at least two controllers from which a signal is
received first is determined as the master controller.
[0039] Accordingto an example, the atleast one signal
comprises a signal transmitted from a controller other
than a previously determined master controller.

[0040] Accordingto an example, the atleast one signal
comprises a signal transmitter from a previously deter-
mined controller.

[0041] According to an example, the plurality of con-
trollers are communicatively connected 7 together, and
wherein a controller of the plurality of controllers is se-
lected as the master controller.

[0042] In anexample, the master slave role of the con-
troller is decided within the controllers using appropriate
algorithms, that can be aligned via the connection be-
tween the controllers.

[0043] In an example, the plurality of controllers are
configured to wake up through receipt of an appropriate
signal, that for example can be triggered by the ignition
line of the vehicle.

[0044] According to an example, the controller select-
ed as the master controller is configured to transmit a
signal to the plurality of commanded components before
the other controllers of the plurality of controllers transmit
signals to the plurality of commanded components.
[0045] Fig. 2 shows a control method 100 for a control
architecture of a vehicle in its basic steps. The method
comprises:

in a connecting step 110, also referred to as step a),
communicatively connecting each of a plurality of
controllers 1, 2 to all of a plurality of commanded
components 7, 8. Each of the plurality of controllers
is configured to send commands to be executed by
one or more of the plurality of commanded compo-
nents;

in a determining step 120, also referred to as step
b), determining by each of the plurality of command-
ed components that one of the plurality of controllers
is a master controller on the basis of at least one
signal transmitted from at least one of the plurality
of controllers to the plurality of commanded compo-
nents.

[0046] Inanexample, the atleastone signal comprises
a trigger signal.

[0047] Inanexample, the atleastone signal comprises
a wake up signal.

[0048] According to an example, step b) comprises
transmitting at least two signals transmitted from at least
two controllers of the plurality of controllers, and deter-
mining the controller of the at least two controllers from
which a signal is received first as the master controller.
[0049] Inanexample, the atleastone signal comprises
a signal transmitted from a controller other than a previ-
ously determined master controller.
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[0050] Inanexample,the atleastone signal comprises
a signal transmitter from a previously determined con-
troller.

[0051] In an example, the plurality of controllers are
communicatively connected together, and wherein a
controller of the plurality of controllers is selected as the
master controller.

[0052] In an example, the controller selected as the
master controller is configured to transmit a signal to the
plurality of commanded components before the other
controllers of the plurality of controllers transmit signals
to the plurality of commanded components.

[0053] A detailed example is now described, again us-
ing Fig. 1. In this detailed example, a redundant controller
architecture is shown, with at least two controllers (which
can microcontrollers or complete ECUs) 1, 2 with dedi-
cated wake-up lines 3, 4, which are connected to com-
manded components 7, 8. The controllers also have ded-
icated communication lines 5, 6 towards the commanded
components and there is an interlink communication 7
between the controllers. The commanded components
access both wake up lines 3 and 4 as well as both com-
munication lines 5 and 6 at the same time, to be able to
be commanded by any of the controllers 1 or 2 if the
master role changes.

[0054] When the system is started, first the controllers
1 and 2 are triggered to wake up, e.g. by the ignition line
of the vehicle. The master-slave role between controllers
1 and 2 is determined during the initialization phase by
appropriate algorithms, which can be aligned through the
interlink line 7. Then, the commanded components are
triggered to wake up using the wake up lines 3 and 4.
Each controller is triggering its wake up line towards the
commanded components in the timing order according
to its priority level (i.e. master first, slave second). The
triggering on the wake up line can be signalized by an
appropriate state change, which is complex enough that
it cannot be produced by a controller in malfunction (e.g.
sequence of state changes with specified timing). The
commanded component is listening to the wake up lines
in parallel and the master is identified by the wake up line
that is triggered the first time - i.e. the line on which a
signal is first received. In case the master-slave role
needs to be changed (in case of failure of the other con-
troller) then the slave controller can issue a new wake
up trigger. In such a case, if the master in not inhibiting
role change by another wake up trigger then the slave
takes over the master role. If only one controller was able
to start up at ignition, then in this case only the corre-
sponding wake up line is triggered (no slave trigger) and
the associated controller is determined to be the master
controller. Alternatively, the trigger signal can be a com-
bination of a wake up line state change and additional
information sent to the corresponding communication
line. The commanded component can then execute the
commands sent over the communication line of the mas-
ter 5 or 6.

[0055] It has to be noted that embodiments of the in-
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vention are described with reference to different subject
matters. In particular, some embodiments are described
with reference to method type claims whereas other em-
bodiments are described with reference to the device
type claims. However, a person skilled in the art will gath-
er from the above and the following description that, un-
less otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any
combination between features relating to different sub-
ject matters is considered to be disclosed with this appli-
cation. However, all features can be combined providing
synergetic effects that are more than the simple summa-
tion of the features.

[0056] While the invention has beeniillustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive. The invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing a
claimed invention, from a study of the drawings, the dis-
closure, and the dependent claims.

[0057] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or"an" does not exclude a plurality. A single processor
or other unit may fulfill the functions of several items re-
cited in the claims. The mere fact that certain measures
are re-cited in mutually different dependent claims does
notindicate thata combination of these measures cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting the scope.

LIST OF REFERENCE NUMBERS
[0058]

10 An control architecture for a vehicle;

1, 2 Controllers;

3, 4 Wake-up lines;

5, 6 Communication lines;

7, 8 Commanded components;

100 A control method for a control architecture of a
vehicle;

110 Communicatively connecting each of the con-
trollers to all of the commanded components;

120 Determining by each of the plurality of com-
manded components that one of the plurality of con-
trollers is a master controller.

Claims

1. A control architecture (10) for a vehicle, the control
architecture comprising:

- a plurality of controllers (1, 2); and
- a plurality of commanded components (7, 8);
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wherein, each of the plurality of controllers is com-
municatively (3, 4, 5, 6) connected to all of the plu-
rality of commanded components;

wherein, each of the plurality of controllers is config-
ured to send commands to be executed by one or
more of the plurality of commanded components;
characterised in that:

each of the plurality of commanded components
is configured to determine that one of the plu-
rality of controllers is a master controller on the
basis of at least one signal transmitted from at
least one of the plurality of controllers to the plu-
rality of commanded components.

Control architecture according to claim 1, further
characterised in that the at least one signal com-
prises a trigger signal.

Control architecture according to any of claims 1-2,
further characterised in that the at least one signal
comprises a wake up signal.

Control architecture according to any of claims 1-3,
further characterised in that the at least one signal
comprises at least two signals transmitted from at
least two controllers of the plurality of controllers,
and wherein the controller of the at least two control-
lers from which a signal is received firstis determined
as the master controller.

Control architecture according to any of claims 1-4,
further characterised in that the at least one signal
comprises a signal transmitted from a controller oth-
er than a previously determined master controller.

Control architecture according to claim 5, further
characterised in that the at least one signal com-
prises a signal transmitter from a previously deter-
mined controller.

Control architecture according to any of claims 1-6,
further characterised in that the plurality of control-
lers are communicatively connected (7) together,
and wherein a controller of the plurality of controllers
is selected as the master controller.

Control architecture according to claim 7, further
characterised in that the controller selected as the
master controller is configured to transmit a signal
to the plurality of commanded components before
the other controllers of the plurality of controllers
transmit signals to the plurality of commanded com-
ponents.

A control method (100) for a control architecture of
a vehicle, the method comprising:
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a) communicatively connecting (110) each of a
plurality of controllers (1, 2) to all of a plurality
of commanded components (7, 8), wherein,
each of the plurality of controllers is configured
to send commands to be executed by one or %
more of the plurality of commanded compo-
nents;
characterised in that, the method comprises:
b) determining (120) by each of the plurality of
commanded components that one of the plural- 70
ity of controllers is a master controller on the
basis of at least one signal transmitted from at
least one of the plurality of controllers to the plu-
rality of commanded components.
15
10. Method according to claim 9, further characterised
in that step b) comprises transmitting at least two
signals transmitted from at least two controllers of
the plurality of controllers, and determining the con-
troller of the at least two controllers from which a 20
signal is received first as the master controller.
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